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DESCRIPTION 

NEUTRON SHIELDING MATERIAL COMPOSITION, SHIELDING MATERIAL 

AND CONTAINER 

5 

Technical Field 

The present invention relates to a neutron shielding 
material composition . Further, the present invention relates 
to a neutron shielding material composition that is a material 
10 applied to a cask as a container for storing and transporting 
a spent nuclear fuel, exhibits improved heat resistance and 
has ensured neutron shielding performance. 



Background Art 

15 Nuclear fuels spent in nuclear facilities such as nuclear 

power plants are typically transported to reprocessing plants 
and then reprocessed . However, such spent nuclear fuels today 
are generated in an amount exceeding the reprocessing capacity . 
Thus, it is necessary to store spent nuclear fuels for a long 

20 period. In this case, spent nuclear fuels are cooled to a 
radioactivity level that makes the fuels suitable for 
transportation, and then placed in a cask as a nuclear shielding 
container and transported. Even at this stage, the spent 
nuclear fuels still emit radiation such as neutrons . Neutrons 

25 have high energy, and generate y-rays to cause serious harm 
to the human body . For this reason, it is necessary to develop 
a material that surely shields such neutrons. 
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Neutrons are known to be absorbed by boron . To make boron 
absorb neutrons, it is necessary to slow down the neutrons. 
Hydrogen is known to be most suitable as a substance for slowing 
down neutrons. Accordingly, a neutron shielding material 
5 composition must contain a large amount of boron and hydrogen 
atoms . 

Further, since spent nuclear fuels or the like as a neutron 
source generate decay heat, the fuels are heated to a high 
temperature when sealed for transportation or storage. 
10 Although the highest temperature varies depending upon the 
types of spent nuclear fuels, it is said that the temperature 

of spent nuclear fuels for high burnup may reach about 200°C 
in a cask. For this reason, a nuclear shielding material for 

use preferably endures under such high-temperature conditions 

15 for about 60 years as a reference storage period for spent 

nuclear fuels. 

In this situation, use of a substance having a high 

hydrogen density, in particular , water as a shielding mater ial 

has been proposed, and some of the proposals have been put 

20 into practice. However, water is difficult to be handled 

because it is a liquid, and is not suitable for a cask for 

transportation and storage, in particular. Moreover, it is 

difficult to suppress boiling in a cask in which the temperature 

reaches 100°C or more, disadvantageously . 
25 Conventionally, a resin composition has been used as a 

material for a neutron shielding material, and an epoxy resin 
has been used in one of such resin compositions. Generally, 
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there is a reciprocal relationship between hydrogen content 
and heat resistance in a resin composition. A resin 
composition having a high hydrogen content tends to have low 
heat resistance, and a resin composition having high heat 
5 resistance tends to have a low hydrogen content. An epoxy 
resin exhibits excellent heat resistance and curability, but 
tends to contain only a small amount of hydrogen indispensable 
for slowing down neutrons. Therefore, an amine curing agent 
having a high hydrogen content has been used to compensate 

10 this drawback. 

Japanese Patent Laid-Open No. 6-148388 discloses a 
neutron shielding material composition which employs a 
polyf unctional amine epoxy resin to have reduced viscosity 
and improved workability at ordinary temperature and exhibits 

15 excellent pot life. Japanese Patent Laid-Open No. 9-176496 
discloses a neutron shielding material obtained by curing a 
composition made of an acrylic resin, epoxy resin, silicone 
resin or the like with a polyamine curing agent. 

Since an amine compound has a relatively high hydrogen 

20 content, the effect of absorbing neutrons is improved. 

However, the carbon-nitrogen bond contained in an amine curing 
agent is easily decomposed by heat. Accordingly, it has been 
demanded to develop a novel composition having durability 
necessary for storing a spent nuclear fuel for high burnup, 

25 rather than a conventional neutron shielding material made 
of a resin cured with an amine curing agent. 
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An object of the present invention is to provide a neutron 
shielding material composition which exhibits thermal 
durability improved as compared with a conventional 
composition, and surely absorbs neutrons. 

5 

Disclosure of the Invention 

The present invention provides a neuron shielding 
material composition comprising a polymerization initiator, 
a polymerization component, a density increasing agent and 

10 a boron compound. The present invention provides a neutron 
shielding material composition not comprising a curing agent . 
The composition preferably comprises an epoxy component as 
the polymerization component. The composition particularly 
preferably comprises a hydrogenated epoxy compound as the epoxy 

15 component. The hydrogenated epoxy compound herein refers to 
an epoxy compound having an increasedhydrogen content obtained 
by hydrogenating at least part of a benzene ring to break 
conjugation of the part of the benzene ring but nevertheless 
maintain the cyclic structure. In the present invention, the 

20 epoxy component preferably comprises a compound of the 
structural formula (1): 

CH 2 -CH-CH 2 — 0-X-0-CH 2 -CK-CH 2 (l) 

\ / \ S 

0 0 

wherein X is at least one compound selected from compounds 
of the structural formulas (2), (3), (4), (5) and (6): 
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(2) 



(3) 



CH, 




H 2 - (4) 



leu - CH 2 - (% 
CH, 



(5) 



— ec^-CHj-O^ 



(6) 



10 



wherein Ri to R 4 are each independently selected from the group 
consisting of CH 3/ H, F, Cl and Br, and n is 0 to 2 in the 
structural formula ( 2 ) , R 5 to R 8 are each independently selected 
from the group consisting of CH3, H, F, Cl and Br, and n is 
0 to 2 in the structural formula (3), nisi to 12 in the structural 
formula (5), and n is 1 to 24 in the structural formula (6); 
and a Cl-20 alkyl group. 

The epoxy component preferably comprises a compound of 
the structural formula (14): 



CH 2 -CH-CH 2 -0 

\ / 
0 




CH« 




CH 3 



0 



CH,- 



CH-CH 2 

\ / 
0 



(14) 



wherein n is 1 to 3. The epoxy component also preferably 
comprises at least one compound selected from the group 



consisting of a compound of the structural formula (7) : 
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Ro-0 




(7) 



wherein R 9 is a Cl-10 alkyl group or H, and n is 1 to 24; a 
compound of the structural formula (8): 




(8) 



wherein n is 1 to 8; a compound of the structural formula (15) : 



CH 2 -CH-CH 2 -0 

\ / 
0 




CH-CH 2 

\ / 
0 



(15) 
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wherein n is 1 to 3; and a compound of the structural formula 



(17) . 



„^OG H Qi 



(17) 



The neutron shielding material composition of the present 
invention preferably further comprises a compound for 
increasing the hydrogen content of the composition. The 
composition preferably comprises, as the compound for 
15 increasing the hydrogen content, at least one of compounds 
of the structural formulas (9) and (10): 
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r 



CH 3 



m ~\_)- 



O- 



CH 3 



H O) 



HO — CH 




CH, - OH 



(10) 



wherein n is 1 to 3 . 

The composition preferably comprises an oxetane compound 
as the polymerization component, and the oxetane compound 
preferably comprises at least one of compounds of the 
structural formulas (19) and (20). 



H2 Hg H2 H2 

c C JC^ JO. 

*s x v x ™> 

CH 2 J0H 2 CH 2 .CH 2 



(19) 




(20) 



Further, the polymerization initiator preferably comprises 
a cationic polymerization initiator, and the cationic 
10 polymerization initiator preferably comprises a compound of 
the structural formula (11) or (16): 
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(11) 



" (16) 



wherein R i0 is a hydrogen atom, a halogen atom, a nitro group 
or a methyl group, R n is a hydrogen atom, CH 3 CO or CH 3 OCO, 
and X is SbF 6 , PF 6 , BF 4 or AsF 6 . 
5 The density increasing agent is preferably a metal powder 

having a density of 5.0 to 22.5 g/cm 3 , a metal oxide powder 
having a density of 5.0 to 22.5 g/cm 3 , or a combination thereof . 

The neutron shielding material composition of the present 
invention preferably further comprises a filler, and 

10 preferably further comprises a refractory material. The 
refractory material preferably comprises at least one of 
magnesium hydroxide and aluminum hydroxide. Magnesium 
hydroxide ismore preferably magnesium hydroxide obtained from 
seawater magnes ium . 

15 The present invention further provides a neutron 

shielding material and a neutron shielding container produced 
from the neutron shielding material composition. 
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Reaction in the composition of the present invention 
proceeds between a compound polymerizable by the action of 
a polymerization initiator, preferably an epoxy component, 
and a polymerization initiator, and the composition does not 
5 comprise an amine curing agent susceptible to heat. Thus, 
a cask using the composition of the present invention as a 
material has improved heat resistance. The composition also 
has a hydrogen content satisfying the standard, and has ensured 
neutron shielding performance. Further, since the 
10 composition of the present invention comprises a density 
increasing agent, the neutron shielding material can provide 
an increased neutron absorption while maintaining secondary 

y-ray shielding performance, and accordingly can have improved 
neutron shielding performance without placing a structure for 

15 shielding y-rays outside the main body of the neutron shielding 
material as in a conventional manner. 

Brief Description of the Drawings 

FIG. 1 is a conceptual view showing an embodiment of the 
20 neutron shielding material composition of the present 
invention; 

FIG. 2 is a characteristic view showing the relation 
between the density increasing agent and the hydrogen content 
in the neutron shielding material composition of the present 
25 invention; and 

FIG. 3 is a characteristic view showing the relation 
between the density of the density increasing agent and the 
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relative ratio of the neutron and secondary y-ray dose outside 
the neutron shield in the present invention. 

Best Mode for Carrying Out the Invention 
5 Embodiments of the present invention will be described 

in detail below. The embodiments described below do not limit 
the present invention. Throughout the present invention, a 
polymerization component refers to a compound polymerizable 
by the action of a polymerization initiator. In particular, 

10 the composition of the present invention comprises, as 

polymerization components, an epoxy component and an oxetane 
component described below. An epoxy component refers, to a 
compound having an epoxy ring (hereinafter referred to as epoxy 
compound) , and may be one epoxy compound or a mixture of two 

15 or more epoxy compounds. Similarly, an oxetane compound 
refers to a compound having an oxetane ring, and may be one 
oxetane compound or a mixture of two or more oxetane compounds . 

A resin component refers to a combination of a 
polymerization component as described above with a 

20 polymerization initiator component, and a combination of these 
components with a compound for increasing the hydrogen content , 
for example, a diol. 

In the present invention, the composition can be cured 
without using a curing agent having an amine moiety susceptible 

25 to heat by adding a polymerization initiator component to a 
cationically polymerizable compound, in particular, an epoxy 
compound, an oxetane compound or both. A conventional 
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composition employs an amine compound as a curing agent, and 
thus has decreased heat resistance, in particular, thermal 
decomposition resistance in a high-temperature condition for 
a long period. Since the composition of the present invention 
5 can be cured without use of such a curing agent, a resin having 
no carbon-nitrogen bond moiety in which the bond is easily 
decomposed in a high- temperature state can be obtained, and 
high heat resistance can be expected. Accordingly, since a 
decrease in heat resistance by use of a curing agent does not 

10 occur as in a conventional composition, the composition of 
the present invention can be provided with desired properties 
such as hydrogen content and heat resistance by selection of 
a polymerization component. 

The composition of the present invention is preferably 

15 a composition having a high hydrogen content comprising a 
polymerization component, a polymerization initiator 
component, a density increasing agent, a boron compound as 
a neutron absorbent , and a refractory mater ial , characterized 
in that the composition is cured to be a resin with high heat 

20 resistance and high neutron shielding effect . Specifically, 
the composition of the present invention is required to have 

a temperature of 330°C or more, and preferably 350°C or more 
for attaining a residual weight ratio of 90 wt% by 
thermogravimetric analysis of a cured product thereof, and 
25 to have a hydrogen content of preferably 9.0 wt% or more, and 
more preferably 9.8 wt% or more based on the total resin 
component. This is because, if the hydrogen content is 9.0 
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wt% or more, neutron shielding effect to be achieved can be 
ensured by controlling the amount of the refractory material . 

In addition, more specifically, the cured product after 
thermal endurance in a high- temperature closed environment 
5 for a long period preferably has a weight reduction and 
compressive strength as small as possible. For example, the 
cured resin after thermal endurance in a closed environment 

at 190°C for 1, 000 hours is required to have a weight reduction 
of 0.5 wt% or less, and preferably 0.2 wt% or less, and to 
10 have compressive strength not reduced, and most preferably 
inclined to be increased instead. 

As the polymerization component of the present invention, 
a compound having high heat resistance is preferably used. 
An epoxy compound is particularly preferably used, since the 

15 composition requires heat resistance at 100°C or more, and 

preferably at about 200°C. 

As the epoxy component of the present invention, a compound 

having an epoxy ring which can be polymerized using a cationic 

polymerization initiator component is used. To improve heat 

2 0 resistance, the epoxy component preferably has a high 

crosslinking density. In addition, when the epoxy component 
contains many ring structures, the compound has a rigid 
structure, and thus can improve heat resistance. Examples 
of the ring structure include a benzene ring. A benzene ring 

25 is rigid and has excellent heat resistance, but contains only 
a small amount of hydrogen that functions to slow down neutrons 
in the present invention . Thus , a compound with a hydro gena ted 
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benzene ring is more preferable. As a rigid structure having 
high heat resistance, a structure represented by the formula 
(12) is preferable. 




(12) 



5 A structure representedby the formula (13) is most preferable, 
because such a rigid structure preferably has a higher hydrogen 
content . 

-OO- *» 

Throughout the present specification, such an epoxy compound 
10 having a ring structure in which a benzene ring is hydrogenated 
is referred to as a hydrogenated epoxy compound. A 
hydrogenated epoxy compound has a heat-resistant structure 
and a high hydrogen content, and is thus most preferable as 
the epoxy compound of the present invention. 
1 5 The epoxy component may be one epoxy compound or a mixture 

of a plurality of epoxy compounds. An epoxy compound is 
selected so that the compound can impart desired properties 
such as increased heat resistance and hydrogen content. 

The composition of the epoxy component is determined so 
20 that the resin component contains hydrogen in an amount 

sufficient for shielding neutrons, and preferably in an amount 
of preferably 9.0 wt% or more, and more preferably 9.8 wt% 
or more. Neutron shielding performance of the neutron 
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shielding material is determined according to the hydrogen 
content (density) of the neutron shielding material and the 
thickness of the neutron shielding material. This value is 
based on the hydrogen content required for the resin component, 
5 which is calculated with respect to the hydrogen content 
(density) required for the neutron shielding material, 
determined from neutron shielding performance required for 
a cask and the designed thickness of the neutron shielding 
material in the cask, taking into consideration the amounts 

10 of the refractory material and the neutron absorbent added 
to the neutron shielding material and kneaded. 

From this point of view, a compound having an epoxy ring, 
preferably a plurality of epoxy rings, which has a rigid 
structure or a ring structure represented by the structural 

15 formula (12) or (13) and has a high hydrogen content is suitable 
as the epoxy component of the present invention . Such an epoxy 
component is generally represented by the structural formula 
(1), wherein X is preferably selected from the structural 
formula (2) , wherein Ri to R 4 are each independently selected 

20 from the group consisting of CH 3 , H, F, Cl and Br, and n is 
0 to 2, the structural formula (3), wherein R5 to Re are each 
independently selected from the group consisting of CH 3 , H, 
F, Cl and Br, and n is 0 to 2, the structural formula (4) or 
(5), wherein n is 1 to 12, and the structural formula (6), 

25 wherein n is 1 to 24. 

In particular, a hydrogenated bisphenol A epoxy 
represented by the structural formula (14) is used as a most 
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suitable and important epoxy component to provide a hydrogen 
content and heat resistance in a well-balanced manner. 

Further, a bisphenol A epoxy (structural formula (15) ) 
may be added as a component for imparting heat resistance. 
5 This is because the compound has a benzene ring and a rigid 
structure . To increase crosslinking density and improve heat 
resistance, the structural formula (7) , wherein R 9 is a Cl-10 
alkyl group or H, and n is 1 to 24, the structural formula 
(8), wherein n is 1 to 8, or the structural formula (19) is 

10 preferably added. 

Accordingly, a mixture of the structural formula (14) 
with at least one compound selected from the group consisting 
of the structural formula (15), the structural formula (7), 
the structural formula (8) and the structural formula (17) 

15 can provide a compound having desired hydrogen content and 
heat resistance. Thus, the epoxy component of the present 
invention comprises an epoxy compound represented by the 
structural formula (14) , and may comprise all or some of the 
structural formula (15), the structural formula (7), the 

20 structural formula (8) and the structural formula (17) . Any 
possible combination using these epoxy compounds can be used. 

In this case, the composition preferably comprises 70 
wt% or more of a hydrogenatedbisphenol Aepoxy of the structural 
formula (14), 20 wt% or less of a bisphenol A epoxy of the 

25 structural formula (15), 30 wt% or less of the structural 
formula (7) , 25 wt% or less of the structural formula (8) and 
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30 wt% or less of the structural formula (17), respectively 
based on the total resin content. 

In particular, an oxetane compound can be used as the 
polymerization component to increase the hydrogen content. 
5 An oxetane compound can be cationically polymerized like an 
epoxy, has a high hydrogen content, and is expected to have 
certain heat resistance. 

Generally, an oxetane compound is represented by the 
structural .formula (18) : 



wherein R i2 and R i3 are each independently H, halogen, Cl-8 
alkyl, an alcohol, or another structure containing an organic 
compound composed of carbon, hydrogen and oxygen . The oxetane 
compound used in the present invention may be a compound having 

15 two or more oxetane rings through an ether bond or benzene 
ring. . . 

Specifically, the oxetane compound used in the present 
invention is preferably the structural formula (19) or the 
structural formula (20) . The oxetane compound is not limited 

2 0 thereto . A compound having at least two oxetane rings through, 
for example, an ether bond or ring structure like the structural 
formula (19) is preferable. This is because a compound 
containing many oxetane rings can be expected to impart heat 
resistance by increasing the crosslinking density. Further, 

25 an oxetane compound having many ring structures, branched 




10 



- 17 - 

structures or the like is preferable, since the composition 
of the present invention is particularly required to be 
provided with heat resistance. 

An oxetane component may be used singly as the 
5 polymerization component without using an epoxy compound. 
Two or more oxetane compounds maybe used. An oxetane component 
may be used as the polymerization component in combination 
with any epoxy component. Preferable examples of a 
combination of polymerization components include a 
10 combination of an oxetane component of the structural formula 
(19) with an epoxy component of the structural formula (7), 
a combination of an oxetane component of the structural formula 
(19) with an epoxy component of the structural formula (8), 
and a combination of an oxetane component of the structural 
15 formula (19) with an epoxy component of the structural formula 
(17) . 

In one example of a composition ratio of polymerization 
components using an oxetane compound, the structural formula 
(19) is 85.5 wt% and the structural formula (15) is 14.5 wt% . 
20 In another example, the structural formula (19) is 74.0 wt%, 
the structural formula (20) is 20.0 wt%, and the structural 
formula (7) is 6.0%. 

Polymerization initiators are classified into radical 
polymerization initiators, anionic polymerization initiators, 
25 cationic polymerization initiators, and the like, and many 
of them are reported in documents or the like. In the present 
invention, cationic polymerization initiators are preferably 
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used. Examples of well-known cationic polymerization 
initiators are shown in Table 1 . Examples of cationic thermal 
polymerization initiators that can initiate polymerization 
by heat include Opton CP series of Asahi Denka Co., Ltd.; SI 
5 series of Sanshin Chemical Industry Co . , Ltd.; and DAICAT EX-1 
of Daicel Chemical Industries, Ltd. These polymerization 
initiators can be used, but are not exclusively used, in the 
present invention . 
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[Table 1] 



General polymerization initiator components 



Structure 
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As the polymerization initiator, a compound represented 
by the structural formula (11) or (16) is preferably added. 
The polymerization initiator is added in an amount of 
preferably 0.5 to 6 parts by weight, and more preferably 1 
5 to 3 parts by weight based on 100 parts by weight of the total 
resin component. This is because, if the polymerization 
initiator is added too much, the hydrogen content in the total 
composition may be decreased. 

Further, a compound that does not have an epoxy ring and 

10 contains a large amount of hydrogen may be added to the 

composition of the present invention to increase the hydrogen 
content. Such a compound may be optionally added when the 
hydrogen content is insufficient, since the hydrogen content 
cannot be indefinitely increased by an epoxy compound alone. 

15 Here, the compound to be added must be selected so that the 
compound does not significantly affect properties of the entire 
system of the composition . For example, when an amine compound 
is mixed with the composition of the present invention 
containing a cationic polymerization initiator, 

20 polymerization reaction of the epoxy component does not proceed . 
Therefore, an amine compound cannot be added. As a result 
of studies taking this point into consideration, a diol is 
suitable as a compound for increasing the hydrogen content, 
for example . 

25 Any diol can be used insofar as it is soluble in the epoxy 

component and polymer i zable with the epoxy component. 
Examples of the diol that can be used include, but are not 
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limited to, an aliphatic diol, an aromatic diol, and a diol 
or polyol having an alicyclic structure. Preferably, a diol 
having an alicyclic structure, for example, a compound 
represented by the structural formula (9) or (10) is used in 
5 order to increase the hydrogen content and suppress a decrease 
in heat resistance . A diol is added in an amount of preferably 
30 wt% or less, and more preferably 20 wt% or less based on 
the total resin component. 

The compound for increasing the hydrogen content in the 

10 composition is not limited to a diol. A cationically curable 
oxetane or vinyl ether, a trif unctional or higher functional 
alcohol that can expected to have the same effect as in a diol, 
or the like can be used. 

The density increasing agent may be any material that 

15 is dense and can increase the specific gravity of the neutron 
shield, unless the material adversely affects other components . 
Here, the density increasing agent itself which effectively 

shields y-rays has a density of 5.0 g/cm 3 or more, preferably 
5.0 to 22.5 g/cm 3 , and more preferably 6.0 to 15 g/cm 3 . If 

2 0 the density is 5 . 0 g/cm 3 or less, it is difficult to effectively 

shield y - rays without impairing neutron shielding capability . 
If the density is 22.5 g/cm or more, an effect in proportion 
to the amount added cannot be observed. 

Specific examples of the density increasing agent include 
25 metal powders and metal oxide powders. Preferable examples 
of the density increasing agent include metals having a melting 

point of 350°C or more such as Cr, Mn, Fe, Ni, Cu, Sb, Bi, 
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U and W; and metal oxides having a melting point of 1, 000°C 
or more such as NiO, CuO, ZnO, Zr0 2 , SnO, Sn0 2 , W0 2 , U0 2 , PbO, 
W0 3 and lanthanoid oxides. Of these, Cu, W0 2 , W0 3 , Zr0 2 and 
Ce0 2 are particularly preferable. This is because they are 
5 advantageous in terms of cost. The density increasing agent 
may be used singly or in a mixture of two or more. 

There are no specific limitations to the particle size 
of the density increasing agent. However, if the particle 
size is large, the density increasing agent may settle during 

10 production. Therefore, the particle size is preferably small 
to the extent that settling does not occur. The particle size 
that does not cause settling largely depends on other 
conditions (for example, the temperature, viscosity, curing 
speed and the like of the composition) , and thus cannot be 

15 numerically defined simply. 

By adding the density increasing agent, the specific 

gravity of the neutron shield can be increased, and y-rays 
can be more effectively shielded. By use of the 
above-described metal powder or metal oxide powder, fire 

20 resistance can also be improved. 

By replacing a part of an additive other than the resin 
component, mainly a part of the refractory material with the 
density increasing agent , the hydrogen content may be increased . 
By replacing mainly a part of the refractory material with . 

25 the density increasing agent, the amount of the epoxy resin 
can be increased while maintaining the specific gravity of 
the neutron shielding mater ial composition ( 1 . 62 to 1 . 72 g/cm ) . 
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Thus, a neutron shield having a high hydrogen content can be 
produced, and neutrons can be effectively shielded. 

Specifically, neutron shielding capability and y-ray 
shielding can be achieved at the same time. 
5 The amount of the density increasing agent to be added 

can be appropriately adjusted to maintain the specific gravity 
of the above-described neutron shielding material composition 
( 1 . 62 to 1.72 g/cm 3 ) . It is difficult to specifically define 
the amount, because the amount varies according to the type 

10 of the density increasing agent used, the types and contents 
of other components, and the like. For example, the amount 
is 5 to 40 mass%, and preferably 9 to 35 mass% based on the 
total neutron shielding material composition. The amount is 
particularly preferably 15 to 20 mass% when using Ce0 2 . If 

15 the amount is 5 mass% or less, it is difficult to observe the 
effect of adding the density increasing agent. If the amount 
is 40 mass% or more, it is difficult to maintain the specific 
gravity of the neutron shielding material composition at 1.62 
to 1.72 g/cm 3 . 

2 0 Examples of a boron compound used as the neutron absorbent 

in the composition of the present invention include boron 
carbide, boron nitride, boric acid anhydride, boron iron, 
colemanite, orthoboric acid and metaboric acid. Boron 
carbide is most preferable in terms of neutron shielding 

25 performance . 

The above-described boron compound is used as a powder 
without specific limitations to its particle size and amount 
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added. However, taking dispersibility in the epoxy resin of 
the matrix resin and neutron shielding performance into 
consideration, the average particle size is preferably about 
1 to 200 microns, more preferably about 10 to 100 microns, 
5 and particularly preferably about 20 to 50 microns. On the 
other hand, the amount of the boron compound added is most 
preferably 0.5 to 20 wt% based on the total composition 
including the filler described below. If the amount is less 
than 0.5 wt%, the boron compound added exhibits only a small 

10 effect as the neutron shielding material. If the amount is 
more than 20 wt%, it is difficult to homogeneously disperse 
the boron compound. 

In the present invention, a powder of silica, alumina, 
calcium carbonate, antimony trioxide, titanium oxide, 

15 asbestos, clay, mica or the like; a glass fiber; or the like 
is used as the filler . A carbon fiber or the like may be added 
if necessary. Further, if necessary, a natural wax, fatty 
acid metal salt, acid amide, fatty acid ester or the like as 
a releasing agent; paraffin chloride, bromotoluene, 

20 hexabromobenzene, antimony trioxide or the like as a flame 
retardant; carbon black, iron oxide red or the like as a 
colorant; a silane coupling agent; a titanium coupling agent; 
or the like can be added. 

The refractory material used in the composition of the 

25 present invention aims to preserve a certain amount or more 
of the neutron shielding material so that neutron shielding 
. capability can be maintained to a certain extent or higher 
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even in case of fire . As such a refractory material, magnesium 
hydroxide or aluminum hydroxide is particularly preferable. 
Of these, magnesium hydroxide is particularly preferable, 
because it is present in a stable manner even at a high 

5 temperature of about 200°C . Magnesiumhydroxide is preferably 
magnesium hydroxide obtained from seawater magnesium. This 
is because magnesium in seawater has a high purity to make 
the hydrogen ratio in the composition relatively high. 
Seawater magnesium can be produced by a method such as a seawater 

10 method or ionic brine method. Otherwise, a commercially 
available product Kisuma 2SJ (product name, Kyowa Chemical 
Industry Co., Ltd.) may be purchased and used. However, 
commercially available magnesium hydroxide is not limited to 
this product. The refractory material is added in an amount 

15 of preferably 20 to 70 wt%, and particularly preferably 35 
to 60 wt% based on the total composition. 

The composition of the present invention is prepared by 
mixing a polymerization component, for example, an epoxy 
component with other additives to prepare a resin composition; 

20 kneading the resin composition with a refractory material, 
a neutron absorbent or the like; and finally adding a 
polymerization initiator. Although polymerization 
conditions differ according to the composition of the resin 
component, heating is preferably carried out at a temperature 

25 of 50°C to 200°C four 1 to 3 hours. Further, such heating 
treatment is preferably carried out in two stages. It is 

preferable to carry out heating treatment at 80°C to 120°C 
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for 1 to 2 hours, and then at 120°C to 180°C four 2 to 3 hours. 
However, the preparation method, curing conditions and the 
like are not limited thereto. 

Further, a container, preferably a cask, for effectively 
5 shielding neutrons in a spent nuclear fuel and storing and 
transporting the spent nuclear fuel can be produced* Such 
a transportation cask can be produced utilizing a known 
technology. For example, in a cask disclosed in Japanese 
Patent Laid-Open No. 2000-9890, a location to be filled with 

10 a neutron shield is provided. Such a location can be filled 
with the composition of the present invention. 

The composition of the present invention can be used not 
only for such a shield, but also for various places in 
apparatuses and facilities to prevent diffusion of neutrons, 

15 and can effectively shield neutrons. 

Specific examples of embodiments of the present invention 
using a resin component, a density increasing agent and a 
refractory material will be further described in detail with 
reference with the drawings. Here, embodiments in which a 

20 boron compound or a filler is not added will be described for 
illustration. However, the present invention is not limited 
to such embodiments. 
(First embodiment) 

FIG . 1 is a conceptual view showing a configuration example 

2 5 of the neutron shield of the present embodiment . Specifically, 
as shown in FIG . 1, the neutron shield of the present embodiment 
is obtained by mixing a resin component 1 comprising a 
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polymerization component and a polymerization initiator as 
main components with a refractory material 2 and a density 
increasing agent 3 having a density higher than in the 
refractory material 2. 
5 Here, the neutron shield is provided with an increased 

hydrogen content while maintaining the material density (in 
the range of 1.62 to 1.72 g/mL) , by mixing a metal powder or 
metal oxide powder as the density increasing agent 3, in 
particular. The density increasing agent 3 to be mixed has 
10 a density of 5.0 g/mL or more, preferably 5.0 to 22.5 g/mL, 
and more preferably 6.0 to 15 g/mL. Further, the density 
increasing agent 3 to be mixed is preferably a metal powder 

having a melting point of 350°C or more or a metal oxide powder 
having a melting point of 1 , 000°C or more . Examples of a powder 

15 material corresponding to the density increasing agent include 
metals such as Cr, Mn, Fe, Ni, Cu, Sb, Bi, U and W. Further 
examples thereof include metal oxides such as NiO, CuO, ZnO, 
Zr0 2 , SnO, Sn0 2 , W0 2 , Ce0 2 , U0 2 , PbO, PbO, and W0 3 . 

Since the neutron shield of the present embodiment 

20 configured as above is prepared by mixing the resin component 
1 comprising a polymer as a main component, the refractory 
material 2, and the density increasing agent 3 having a density 
higher than in the refractory material 2, the neutron shield 
can have an increased hydrogen content while maintaining the 

25 material density at a certain value (in the range of 1.62 to 
1.72 g/mL). Specifically, the refractory material 2 has a 
slightly higher density and a slightly lower hydrogen content 
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as compared with the neutron shielding material 1. Thus, a 
part of the refractory material 2 is replaced with the density 
increasing agent 3 not containing hydrogen to make the material 
density equal. By calculating the density and the hydrogen 
5 content of each component and carrying out appropriate 

replacement, the refractory mater ial 2 having a slightly lower 
hydrogen content is replaced with the resin component 1 having 
a high hydrogen content, so that the neutron shield can have 
an increased hydrogen content . 
10 As a result, the neutron shield can provide an increased 

neutron absorption while maintaining secondary y-ray 
shielding performance, and accordingly can have improved 
neutron shielding performance without placing a structure for 

shielding y-rays outside the main body of the neutron shield 
15 as in a conventional manner. 

In the neutron shield of the present embodiment, the 

density increasing agent 3 to be mixed has a density of 5.0 

g/mLormore, preferably 5 . 0 to 22 . 5 g/mL, and more preferably 

6.0 to 15 g/mL. Therefore, the neutron shield can exhibit 

20 the above-described effect more significantly. 

FIG. 2 is a characteristic view showing the relation 
between the density of the density increasing agent 3 and the 
hydrogen content. FIG. 2 shows a hydrogen content of the 
neutron shield originally having a hydrogen content of 0 . 0969 

25 g/mL, containing magnesium hydroxide as the refractory 

material 2 and containing the resin component 1 having a density 
of 1.64 g/mL, in which the refractory material 2 is replaced 
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with the density increasing agent 3 to make the material density 
constant. Magnesium hydroxide as the refractory material 2 
has a density of 2.36 g/mL . As is clear from FIG . 2 , the density 
increasing agent 3 is effective only if the density of the 
5 density increasing agent 3 reaches a density slightly higher 
than in the refractory material 2, not the density of the 
refractory material 2 , although the effective density differs 
according to the resin component 1 and the refractory material 
2 . Specifically, the density increasing agent 3 is effective 
10 at a density of 5.0 g/mL or more, and preferably 6.0 g/mL or 
more. If the density is 22.5 g/mL or more, an effect in 
proportion to the amount added cannot be observed. 

FIG. 3 is a characteristic view showing the relation 
between the density of the density increasing agent 3 and the 

15 relative ratio of the neutron and secondary y-ray dose outside 
the neutron shield. FIG. 3 shows a shielding effect of the 
neutron shield originally having a hydrogen content of 0 . 0969 
g/mL, containing magnesium hydroxide as the refractory 
material 2 and containing the base resin 1 having a density 

20 of 1.64 g/mL, in which the refractory material 2 is replaced 
with the density increasing agent 3 to make the material density 
constant. The dose outside the shield of the resin component 
1 is defined as "1". As is clear from FIG. 3, the effect can 
be observed when the density increasing agent 3 has a density 

25 of 5.0 g/mL or more, and more preferably 6.0 g/mL or more. 
If the density is 22.5 g/mL or more, an effect in proportion 
to the amount added cannot be observed. 
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Further, the neutron shield of the present embodiment 
can be provided with improved fire resistance by mixing a metal 

powder having a melting point of 350°C or more (such as Cr, 
Mn, Fe, Ni, Cu, Sb, Bi, U or W) or a metal oxide powder having 

5 a melting point of 1, 000°C or more (such as NiO, CuO, ZnO, 
Zr0 2 , SnO, Sn0 2 , W0 2 , Ce0 2 , U0 2 , PbO, PbO or W0 3 ) . 

As described above, the neutron shield of the present 
embodiment can have an increased hydrogen content while 
maintaining the material density at a certain value without 
10 any decrease, and accordingly can have improved neutron 
shielding performance without placing a structure for 

shielding y-rays outside the main body of the neutron shield 
as in a conventional manner. 
(Second embodiment ) 

15 As shown in the above FIG. 1, the neutron shield of the 

present embodiment is obtained by mixing an epoxy component 
and a polymerization initiator as a resin component 1 with 
a refractory material 2 and a density increasing agent 3 having 
a density higher than in the refractory material 2, and forming 

20 the mixture by curing. 

The density increasing agent 3 to be mixed has a density 
of 5.0 g/mL or more, preferably 5.0 to 22.5 g/mL, and more 
preferably 6.0 to 15 g/mL. Further, the density increasing 
agent 3 to be mixed is preferably a metal powder having a melting 

25 point of 350°C or more or a metal oxide powder having a melting 
point of 1,000°C or more. Examples of a powder material 
corresponding to the density increasing agent include metals 
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such as Cr, Mn, Fe, Ni, Cu, Sb, Bi, U and W. Further examples 
thereof include metal oxides such as NiO, CuO, ZnO, Zr0 2 , SnO, 
Sn0 2 , W0 2 , Ce0 2 , U0 2/ PbO, PbO, and W0 3 . • 

Since the neutron shield of the present embodiment 
5 configured as above is prepared by mixing the resin component 
1, the refractory material 2 , and the density increasing agent 
3 having a density higher than in the refractory material 2, 
the neutron shield can have an increased hydrogen content while 
maintaining the material density at a certain value (in the 

10 range of 1.62 to 1.72 g/mL) . Specifically, the refractory 
material 2 has a slightly higher density and a slightly lower 
hydrogen content as compared with the resin component 1 . Thus , 
apart of the refractory mater ial 2 is replaced with the density 
increasing agent 3 not containing hydrogen to make the material 

15 density equal. By calculating the density and the hydrogen 
content of each component and carrying out appropriate 
replacement, the refractory material 2 having a slightly lower 
hydrogen content is replaced with the resin component 1 having 
a high hydrogen content, so that the neutron shield can have 

20 an increased hydrogen content. 

As a result, the neutron shield can provide an increased 

neutron absorption while maintaining secondary Y~ ra Y 
shielding performance, and accordingly can have improved 
neutron shielding performance without placing a structure for 

2 5 shielding y-rays outside the main body of the neutron shielding 
material as in a conventional manner. 
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In the neutron shielding material of the present 
embodiment, the density increasing agent 3 to be mixed has 
a density of 5.0 g/mL or more, preferably 5.0 to 22.5 g/mL, 
and more preferably 6.0 to 15 g/itiL. Therefore, the neutron 
5 shielding material can exhibit the above-described effect more 
significantly. 

FIG. 2 is a characteristic view showing the relation 
between the density of the density increasing agent 3 and the 
hydrogen content. FIG. 2 shows a hydrogen content of the 

10 neutron shield originally having a hydrogen content of 0 . 0969 
g/mL, containing magnesium hydroxide as the refractory 
material 2 and containing the base resin 1 having a density 
of 1.64 g/mL, in which the refractory material 2 is replaced 
with the density increasing agent 3 to make the material density 

15 constant. Magnesium hydroxide as the refractory material 2 
has a density of 2 . 36 g/mL . As is clear from FIG . 2, the density 
increasing agent 3 is effective only if the density of the 
density increasing agent 3 reaches a density slightly higher 
than in the refractory material 2, not the density of the 

20 refractory material 2, although the effective density differs 
according to the base resin 1 and the refractory material 2. 
Specifically, the density increasing agent 3 is effective at 
a density of 5.0 g/mL or more, and more preferably 6.0 g/mL 
or more. If the density is 22.5 g/mL or more, an effect in 

2 5 proportion to the amount added cannot be observed. 

FIG. 3 is a characteristic view showing the relation 
between the density of the density increasing agent 3 and the 
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relative ratio of the neutron and secondary y-ray dose outside 
the neutron shield. FIG . 3 shows a shielding effect of the 
neutron shield originally having a hydrogen content of 0 . 0969 
g/mL, containing magnesium hydroxide as the refractory 
5 material 2 and containing the base resin 1 having a density 
of 1.64 g/mL, in which the refractory material 2 is replaced 
with the density increasing agent 3 tomake the material density 
constant. The dose outside the shield of the base resin 1 
is defined as "1" . As is clear from FIG. 3, the effect can 

10 be observed when the density increasing agent 3 has a density 
of 5.0 g/mL or more, and preferably 6.0 g/mL or more. If the 
density is 22.5 g/mL or more, an effect in proportion to the 
amount added cannot be observed. 

Further, the neutron shield of the present embodiment 

15 can be provided with improved fire resistance by mixing a metal 

powder having a melting point of 350°C or more (such as Cr, 
Mn, Fe, Ni, Cu, Sb, Bi, U or W) or a metal oxide powder having 

a melting point of 1, 000°C or more (such as NiO, CuO, ZnO, 
Zr0 2 , SnO, Sn0 2 , W0 2 , Ce0 2 , U0 2 , PbO, PbO or W0 3 ) . 
20 As described above, the neutron shield of the present 

embodiment also can have an increased hydrogen content while 
maintaining the material density at a certain value without 
any decrease, and accordingly can have improved neutron 
shielding performance without placing a structure for 

25 shielding y-rays outside the main body of the neutron shield 
as in a conventional manner. Specifically, since the neutron 
shield can be more effective for shielding neutrons while 
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maintaining y-ray shielding performance by use of a density 
increasing agent, it can be less necessary to place a heavy 

structure for shielding y-rays outside the main body of the 
neutron shield as in a conventional manner. 

5 

Examples 

The present invention will be described in detail below 
byway of examples . The examples below do not limit the present 
invention . 

10 In the examples, the composition of the present invention 

was prepared, and the neutron shielding effect was examined. 
Typically, a resin composition for aneutron shieldingmaterial 
is mixed with copper as a density increasing agent, aluminum 
hydroxide or magnesium hydroxide as a refractory material, 

15 and a boron compound such as boron carbide as a neutron absorbent, 
respectively in an amount of about 20 wt%, about 40 wt% and 
about 1 wt% based on the total resin composition to prepare 
a neutron shield. However, compositions with a refractory 
material and a neutron absorbent not added are mainly described 

20 here in order to evaluate properties exhibited by a resin 
component, specifically, a polymerization component, a 
polymerization initiator component and the like, and a density 
increasing agent . 

Properties required for the neutron shielding material 

25 include heat resistance (residual weight ratio, compressive 
strength, or the like) , fire resistance and hydrogen content 
(the material must have a certain hydrogen content density 
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or higher in order to be judged suitable for a neutron shield) . 
Since fire resistance largely depends upon the refractory 
material, the resin composition for a neutron shielding 
material was evaluated for its heat resistance represented 
5 by a residual weight ratio and hydrogen content . The residual 
weight ratio was determined by measuring the weight change 
during heating to evaluate heat resistance of the composition. 
TGA was used for the measurement. The weight reduction by 
heat was measured under a condition where the composition was 
10 heated from room temperature to 600°C at a rate of temperature 
rise of 10°C/min in a nitrogen atmosphere. A hydrogen content 
in a single resin of 9 . 8 wt% or more was defined as the standard 

hydrogen content required for the resin. 
[Example 1] 

15 1 g of a cationic polymerization initiator SI-80 

(structural formula (11) ) was added to 100 g of a hydrogenated 
bisphenol Aepoxy resin (manufactured by Yuka Shell Epoxy K.K. , 
YL6663 (structural formula (14)). The mixture was 
sufficiently stirred until the polymerization initiator was 

20 dissolved, and then mixed with 50 g of copper having a density 
of 8.92 g/cm 3 as a density increasing agent to prepare a resin 
composition used for a neutron shielding material . 

As a result of measuring the hydrogen content in the resin 
composition for a neutron shielding material, the hydrogen 

2 5 content was 9.8wt%ormore (about 1 0 wt% or more) which satisfied 
the standard. Next, the composition was cured at 80°C for 
30 minutes and at 150°C for 2 hours, and the weight reduction 
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by heat of the cured product was measured by TGA. The weight 
reduction by heat was measured under a condition where the 

composition was heated from RT to 600°C at a rate of temperature 

rise of 10°C/min in a nitrogen atmosphere. As a result of 

5 measurement, the residual weight ratio at 200°C was 99.5 wt% 
or more, and the temperature at a residual weight ratio of 

90 wt% was 350°C or more, meaning that the composition exhibited 
extremely good heat resistance and heat stability. 
[Example 2] 

10 1 g of a cationic polymerization initiator SI-80 

(structural formula (11)) was added to a mixture of 84.6 g 
of a hydrogenated bisphenol A epoxy resin (YL6663, structural 
formula (14)) and 15.4 g of a bisphenol A epoxy resin 
(manuf acturedby Yuka Shell Epoxy K. K. , Epicoat 828, structural 

15 formula (15) ) as epoxy resins. The mixture was sufficiently 
stirred until the polymerization initiator was dissolved, and 
then mixed with 50 g of copper as a density increasing agent 
to prepare a resin composition used for a neutron shielding 
material . 

20 As a result of measuring the hydrogen content in the resin 

composition in the same manner as in Example 1, the hydrogen 
content was about 9.8 wt% which satisfied the standard. On 
the other hand, the resin composition for a neutron shielding 

material was cured at 80°C for 30 minutes and at 150°C for 
25 2 hours to measure the weight reduction by heat in the same 
manner as in Example 1 . As a result, the residual weight ratio 
at 2 0 0°C was 99 . 5 wt% or more, and the temperature at a residual 
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weight ratio of 90 wt% was 380°C or more, meaning that the 
composition exhibited extremely good heat resistance and heat 

stability . 

[Example 3 ] 

5 74 . 8 g of a hydrogenated bisphenol A epoxy resin (YL6663, 

structural formula (14)) and 25.2 g of a polyf unctional 
alicyclic epoxy resin (manufactured by Daicel Chemical 
Industries, Ltd. , EHPE3150, structural formula (7) ) weremixed 

as epoxy resins. The mixture was maintained at 110°C and 
10 sufficiently stirred until EHPE3150 (solid) was dissolved. 

After dissolution of EHPE3 150 , the mixture was allowed to stand 

in an environment at room temperature. When the temperature 

of the mixture was lowered to about room temperature, 1 g of 

a cat ionic polymerization initiator SI- 80 (structural formula 

15 (11)) was added, and the mixture was sufficiently stirred until 
the polymerization initiator was dissolved. 50 g of copper 
was mixed therewith as a density increasing agent to prepare 
a resin composition used for a neutron shielding material. 
As a result of measuring the hydrogen content in the resin 

20 composition, the hydrogen content was about 9.8 wt% which 

satisfied the standard. On the other hand, the resin 

composition for a neutron shielding mater ial was cured at 80°C 

for 30 minutes and at 150°C for 2 hours to measure the weight 
reduction by heat in the same manner as in Example 1. As a 

25 result, the residual weight ratio at 200°C was about 99.5 wt%, 
and the temperature at a residual weight ratio of 90 wt% was 
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390°C or more, meaning that the composition exhibited extremely 
good heat resistance and heat stability. 

[Example 4] 

1 g of a cationic polymerization initiator SI-80 
5 (structural formula (11)) was added to a mixture of 79.4 g 
of a hydrogenated bisphenol A epoxy resin ( YL6663, structural 
formula (14)) and 20.6 g of an alicyclic epoxy resin 
(manufactured by Daicel Chemical Industries, -Ltd . , Celloxide 
2021P, structural formula (8) ) as epoxy resins. The mixture 
10 was sufficiently stirred until the polymerization initiator 
was dissolved, and then mixed with 50 g of copper as a density 
increasing agent to prepare a resin composition used for a 
neutron shielding material. 

As a result of measuring the hydrogen content in the resin 
15 composition, the hydrogen content was about 9.8 wt% which 
satisfied the standard. On the other hand, the resin 
composition for a neutron shielding material was cured at 80°C 

for 30 minutes and at 150°C for 2 hours to measure the weight 
reduction by heat in the same manner as in Example 1. As a 

20 result, the residual weight ratio at 200°C was 99.5 wt% or 
more, and the temperature at a residual weight ratio of 90 

wt% was 370°C or more, meaning that the composition exhibited 
extremely good heat resistance and heat stability. 
[Example 5] 

25 1 g of a cationic polymerization initiator SI-80 

(structural formula (11)) was added to a mixture of 8.23 g 
of a hydrogenated bisphenol A epoxy resin (YL6663, structural 
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formula (14)), 8.85 g of a bisphenol A epoxy resin (Epicoat 
828, structural formula (15)) and 8 . 85 g of an alicyclic epoxy 
resin (Celloxide 2 02 IP, structural formula ( 8 ) ) as epoxy resins . 
The mixture was sufficiently stirred until the polymerization 
5 initiator was dissolved, and then mixed with 50 g of copper 
as a density increasing agent to prepare a resin composition 
used for a neutron shielding material. 

As a result of measuring the hydrogen content in the resin 
composition, the hydrogen content was about 9.8 wt% which 
10 satisfied the standard. On the other hand, the resin 

composition for a neutron shielding material was cured at 80°C 
for 30 minutes and at 150°C for 2 hours to measure the weight 
reduction by heat in the same manner as in Example 1. As a 

result, the residual weight ratio at 200°C was 99.5 wt% or 
15 more, and the temperature at a residual weight ratio of 90 

wt% was 380°C or more, meaning that the composition exhibited 
extremely good heat resistance and heat stability. 
[Example 6] 

80 . 9 g of a hydrogenated bisphenol A epoxy resin (YL6663, 
2 0 structural formula (14)), 9.55 g of a bisphenol A epoxy resin 
(Epicoat 828, structural formula (15)) and 9.55 g of a 
polyf unctional alicyclic epoxy resin (EHPE3150, structural 
formula (7)) were mixed as epoxy resins. The mixture was 

maintained at 110°C and sufficiently stirred until EHPE3150 
25 (solid) was dissolved. After dissolution of EHPE3150, the 
mixture was allowed to stand in an environment at room 
temperature. When the temperature of the mixture was lowered 
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to about room temperature, 1 g of a cationic polymerization 
initiator SI-80 (structural formula (11) ) was added, and the 
mixture was sufficiently stirred until the polymerization 
initiator was dissolved. 50 g of copper was mixed therewith 
5 as a density increasing agent to prepare a resin composition 
used for a neutron shielding material. 

As a result of measuring the hydrogen content in the resin 
composition, the hydrogen content was about 9.8 wt% which 
satisfied the standard. On the other hand, the resin 
10 composition for a neutron shielding material was cured at 80°C 
for 30 minutes and at 150°C for 2 hours to measure the weight 
reduction by heat in the same manner as in Example 1 . As a 

result, the residual weight ratio at 200°C was 99.5 wt% or 
more, and the temperature at a residual weight ratio of 90 

15 wt% was 390°C or more, meaning that the composition exhibited 
extremely good heat resistance and heat stability. 
[Example 7] 

77.3 g of a hydrogenated bisphenol A epoxy resin (YL6663, 
structural formula (14)), 11.35 g of an alicyclic epoxy resin 
20 (Celloxide 2021P, structural formula (8)) and 11.35 g of a 
polyf unctional alicyclic epoxy resin (EHPE3150, structural 
formula (7)) were mixed as epoxy resins. The mixture was 

maintained at 110°C and sufficiently stirred until EHPE3150 
(solid) was dissolved. After dissolution of EHPE3150, the 

25 mixture was allowed to stand in an environment at room 

temperature . When the temperature of the mixture was lowered 

to about room temperature, 1 g of a cationic polymerization 



- 41 - 



initiator SI-80 (structural formula (11)) was added, and the 
mixture was sufficiently stirred until the polymerization 
initiator was dissolved. 50 g of copper was mixed therewith 
as a density increasing agent to prepare a resin composition 
5 used for a neutron shielding material. 

As a result of measuring the hydrogen content in the resin 
composition, the hydrogen content was about 9.8 wt% which 
satisfied the standard. On the other hand, the resin 

composition for a neutron shielding material was cured at 80°C 
10 for 30 minutes and at 150°C for 2 hours to measure the weight 
reduction by heat. As a result, the residual weight ratio 

at 2 00°C was 99 . 5 wt% or more, and the temperature at a residual 
weight ratio of 90 wt% was 390°C or more, meaning that the 
composition exhibited extremely good heat resistance and heat 
15 stability. 

[Example 8] 

80.38 gof a hydrogenated bisphenol A epoxy resin (YL6663, 
structural formula (14) ) , 6.54 g of a bisphenol A epoxy resin 
(Epicoat 828, structural formula (15) ) , 6.54 g of an alicyclic 
20 epoxy resin (Celloxide 2021P, structural formula (8)) and 6.54 
g of a polyf unctional alicyclic epoxy resin (EHPE3150, 
structural formula (7)) were mixed as epoxy resins. The 

mixture was maintained at 110°C and sufficiently stirred until 
EHPE3150 (solid) was dissolved. After dissolution of 
25 EHPE3150, the mixture was allowed to stand in an environment 
at room temperature. When the temperature of the mixture was 
lowered to about room temperature, 1 g of a cationic 
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polymerization initiator SI-80 (structural formula (11)) was 
added, and the mixture was sufficiently stirred until the 
polymerization initiator was dissolved. 50 g of copper was 
mixed therewith as a density increasing agent to prepare a 
5 resin composition used for a neutron shielding material. 

As a result of measuring the hydrogen content in the resin 
composition, the hydrogen content was about 9.8 wt% which 
satisfied the standard. On the other hand, the resin 
composition for a neutron shielding material was cured at 80°C 
10 for 30 minutes and at 150°C for 2 hours to measure the weight 
reduction by heat in the same manner as in Example 1. As a 

result, the residual weight ratio at 200°C was 99.5 wt% or 
more, and the temperature at a residual weight ratio of 90 

wt% was 400°C or more, meaning that the composition exhibited 
15 extremely good heat resistance and heat stability. 
[Example 9] 

63 . 8 g of a hydrogenated bisphenol A epoxy resin (YL6663, 
structural formula (14) ) , 26.2 g of an alicyclic epoxy resin 
(Celloxide 2021P, structural formula (8)) as epoxy resins were 
20 mixed with 10 g of a hydrogenated bisphenol (manufactured by 
New Japan Chemical Co . , Ltd., Rikabinol HB, structural formula 

(9) ) . The mixture was maintained at 100°C and sufficiently 
stirred until Rikabinol HB (solid) was dissolved. After 
dissolution of Rikabinol HB, the mixture was allowed to stand 
25 in an environment at room temperature. When the temperature 
of the mixture was lowered to about room temperature, 1 g of 
a cat ionic polymerization initiator SI-80 (structural formula 



- 43 - 



(11) ) was added, and the mixture was sufficiently stirred until 
the polymerization initiator was dissolved. 50 g of copper 
was mixed therewith as a density increasing agent to prepare 
a resin composition used for a neutron shielding material. 
5 As a result of measuring the hydrogen content in the resin 

composition, the hydrogen content was about 9.8 wt% which 
satisfied the standard. On the other hand, the resin 
composition for a neutron shielding material was cured at 80°C 
for 30 minutes and at 150°C for 2 hours to measure the weight 
10 reduction by heat in the same manner as in Example 1. As a 

result, the residual weight ratio at 2 00°C was about 99 .5 wt% , 
and the temperature at a residual weight ratio of 90 wt% was 

380°C ormore, meaning that the composition exhibited extremely 
good heat resistance and heat stability. 

15 [Example 10] 

66.1 g of a hydrogenated bisphenol A epoxy resin (YL6663, 
structural formula (14)) and 23 . 9 g of an alicyclic epoxy resin 
(Celloxide 2021P, structural formula (8)) as epoxy resins were 
mixed with 10 g of cyclohexanedimethanol (manufactured by Tokyo 

20 Chemical Industry Co., Ltd., structural formula (10)). The 

mixture was maintained at 100°C and sufficiently stirred until 
cyclohexanedimethanol (wax) was dissolved. After 

dissolution of cyclohexanedimethanol, the mixture was allowed 

to stand in an environment at room temperature. When the 

25 temperature of the mixture was lowered to about room 

temperature, 1 g of a cationic polymerization initiator SI-80 

(structural formula (11)) was added, and the mixture was 
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sufficiently stirred until the polymerization initiator was 
dissolved. 50 g of copper was mixed therewith as a density 
increasing agent to prepare a resin composition used for a 
neutron shielding material. 
5 As a result of measuring the hydrogen content in the resin 

composition, the hydrogen content was about 9.8 wt% which 
satisfied the standard. On the other hand, the resin 
composition for a neutron shielding material was cured at 80°C 
for 30 minutes and at 150°C for 2 hours to measure the weight 
10 reduction by heat. As a result, the residual weight ratio 

at 200°C was about 99.5 wt%, and the temperature at a residual 
weight ratio of 90 wt% was 380°C or more, meaning that the 
composition exhibited extremely good heat resistance and heat 
stability. 

15 [Example 11] 

Here, evaluation was carried out for a neutron shielding 
material prepared by further mixing a neutron absorbent and 
a refractory material. 80.38 g of a hydrogenated bisphenol 
A epoxy resin (YL6663, structural formula (14)), 6.54 g of 

20 a bisphenol A epoxy resin (Epicoat 828, structural formula 
(15)), 6.54 g of an alicyclic epoxy resin (Celloxide 2021P, 
structural formula (8)) and 6.54 g of a polyf unct ional 
alicyclic epoxy resin (EHPE3150, structural formula (7)) were 

mixed as epoxy resins. The mixture was maintained at 110°C 
25 and sufficiently stirred until EHPE3150 (solid) was dissolved. 
After dissolution of EHPE3150, 39.0 g of copper as a density 
increasing agent, 76.0 g of magnesium hydroxide and 3.0 g of 
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boron carbide were mixed therewith, and the mixture was stirred 
and maintained at 170°C for 2 hours. After maintaining at 
170°C for 2 hours, the mixture was allowed to stand in an 
environment at room temperature. When the temperature of the 
5 mixture was about room temperature, 2 g of a cationic 

polymerization initiator SI-80 (structural formula (11)) was 
added, and the mixture was sufficiently stirred to prepare 
a neutron shielding material composition. 

The . reference hydrogen content required for a neutron 

10 shielding material is a hydrogen content density of 0.096 g/cm 3 
or more . The hydrogen content density of the prepared neutron 
shielding material composition was measured to be 0 . 096 g/cm 3 
or more, which satisfied the standard. The hydrogen content 
in the resin component was separately measured to be 9.8 wt% 

15 or more. On the other hand, the resin composition for a neutron 

shielding material was cured at 170°C for 4 hours to measure 
the weight reduction by heat in the same manner as in Example 

1. As a result, the residual weight ratio at 200°C was 99.5 
wt% or more, and the temperature at a residual weight ratio 

20 of 90 wt% was 400°C or more, meaning that the composition 
exhibited extremely good heat resistance and heat stability. 
The curedproduct was enclosed in a closed vessel, and a thermal 

endurance test was carried out at 190°C for 1, 000 hours . The 
compressive strength was 1.4 times or more of that before the 
25 test, and the weight reduction was about 0.1%, meaning that 
the composition exhibited extremely good durability. 
[Example 12] 
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63 . 8 g of a hydrogena ted bisphenol A epoxy resin (YL6663, 
structural formula (14) ) , 26.2 g of an alicyclic epoxy resin 
(Celloxide 2021P, structural formula (8)) as epoxy resins were 
mixed with 10 g of a hydrogenated bisphenol (Rikabinol HB, 

5 structural formula (9) ) . The mixture was maintained at 100°C 
and sufficiently stirred until Rikabinol HB (solid) was 
dissolved . After dissolution of Rikabinol HB, 3 9 . 0 g of copper 
as a density increasing agent, 76.0 g of magnesium hydroxide 
and 3 . 0 g of boron carbide were mixed therewith, and the mixture 
10 was stirred and maintained at 170°C for 2 hours. After 

maintaining at 170°C for 2 hours, the mixture was allowed to 
stand in an environment at room temperature. When the 

temperature of the mixture was about room temperature, 2 g 

of a cationic polymerization initiator SI-80L (structural 

15 formula (11)) was added, and the mixture was sufficiently 
stirred to prepare a neutron shielding material composition. 

The reference hydrogen content required for a neutron 
shielding material is a hydrogen content density of 0.096 g/cm 3 
or more . The hydrogen content density of the prepared neutron 

20 shielding material composition was measured to be 0 . 096 g/cm 3 
or more, which satisfied the standard. On the other hand, 
the resin composition for a neutron shielding material was 

cured at 170°C for 4 hours to measure the weight reduction 
by heat. As a result, the residual weight ratio at 200°C was 
25 about 99 . 5 wt%, and the temperature at a residual weight ratio 

of 90 wt% was 380°C or more, meaning that the composition 
exhibited extremely good heat resistance and heat stability. 
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The cured product was enclosed in aclosed vessel, and a thermal 

endurance test was carried out at 200°C for 500 hours. The 
compressive strength was 1 . 2 times or more of that before the 
test, and the weight reduction was about 0.1%, meaning that 
5 the composition exhibited extremely good durability. 

Next, performance of neutron shielding materials 
employing a conventionally used composition not containing 
a density increasing agent was evaluated. A refractory 
material or neutron absorbent was not added as in Examples. 
10 The hydrogen content was determined by component analysis, 
and the weight reduction by heat was determined by measurement 
using TGA. 

[Comparative Example 1] 

82.5 g of a hydrogenated bisphenol A epoxy resin as in 

15 Example 1 represented by the structural formula (14) (Yuka 
Shell Epoxy K.K., YL6663) as an epoxy resin and 17.5 g of 
isophoronediamine as a curing agent were sufficiently stirred 
to prepare a resin composition used for a neutron shielding 
material. This is a comparative example in which the present 

20 invention is compared with a neutron absorbent employed a 
curing agent. A density increasing agent was not added. 

As a result of measuring the hydrogen content in the resin 
composition, the hydrogen content was 9.8 wt% or more which 
satisfied the standard. On the other hand, the resin 

25 composition for a neutron shielding material was cured at 80°C 
for 30 minutes and at 150°C for 2 hours to measure the weight 
reduction by heat in the same manner as in Example 1. As a 
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result, the residual weight ratio at 200°C was about 99.5 wt%, 
and the temperature at a residual weight ratio of 90 wt% was 

about 300°C, meaning that the composition exhibited heat 
resistance and heat stability inferior to those of the 
5 compositions of Examples. 

This composition system considerably differs from that 
in Example 1 in that an amine curing agent is used instead 
of a cationic polymerization initiator. As is clear from 
comparison of the composition of Example 1 with the composition 
10 of Comparative Example 1, heat resistance and heat stability 
are improved by curing with a polymerization initiator as in 
Example 1 . 

[Comparative Example 2] 

81.4 g of a bisphenol A epoxy resin (Epicoat 828, 

15 structural formula (15)) as an epoxy resin and 18.6 g of 
isophoronediamine as a curing agent were sufficiently stirred 
to prepare a resin composition used for a neutron shielding 
material. A density increasing agent was not added. 

As a result of measuring the hydrogen content in the resin 

20 composition, the hydrogen content was 8.2 wt% or less which 
was considerably below the standard, unsatisfactorily. On 
the other hand, the resin composition for a neutron shielding 

material was cured at 80°C for 30 minutes and at 150°C for 
2 hours to measure the weight reduction by heat in the same 

25 manner as in Example 1 . As a result, the residual weight ratio 
at 200°C was about 99.5 wt%, and the temperature at a residual 



- 49 - 



weight ratio of 90 wt% was about 350°C / meaning that the 
composition exhibited good heat resistance and heat stability. 

This composition system has good heat resistance and heat 
stability, but is not suitable as a resin composition for a 
5 neutron shielding material in terms of hydrogen content . This 
composition system considerably differs from that in Example 
2 in that an amine curing agent is used instead of a cationic 
polymerization initiator. As is also clear from comparison 
of the composition of Comparative Example 2 with the 
10 composition of Comparative Example 3, heat resistance and heat 
stability are improved by curing with a polymerization 
initiator . 

[Comparative Example 3] 

Abisphenol A epoxy resin (Epicoat 828, structural formula 
15 (15) ) as an epoxy resin was mixed with a polyamine curing agent 
at a mixing ratio of 1 : 1 ( stoichiometrically equal) , and the 
mixture was stirred to prepare a resin composition used for 
a neutron shielding material . A density increasing agent was 
not added. 

20 As a result of measuring the hydrogen content in the resin 

composition, the hydrogen content was 9.8 wt% or more which 
satisfied the standard. On the other hand, the resin 
composition for a neutron shielding material was cured at 80°C 
for 30 minutes and at 150°C for 2 hours to measure the weight 

25 reduction by heat in the same manner as in Example 1. As a 

result, the residual weight ratio at 200°C was about 99 wt% 
or less, and the temperature at a residual weight ratio of 
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90 wt% was 300°C or less, meaning that the composition exhibited 
heat resistance and heat stability inferior to those of the 
compositions of Examples. 

This composition system imitates the same system as in 
5 a conventionally used resin composition for a neutron shielding 
material. The composition of Comparative Example 4 is 
suitable in terms of hydrogen content, but has low heat 
resistance and heat stability as compared with those of the 
compositions of Examples. It can be found that the 

10 compositions of Examples have excellent heat resistance and 
heat stability. 
[Comparative Example' 4] 

81.7 g of an epoxy resin having a structure in which OH 
at each end of polypropylene glycol is substituted with 

15 glycidyl ether (epoxy equivalent: 190) and 18.3 g of 

isophoronediamine as a curing agent were sufficiently stirred 
to prepare a resin composition used for a neutron shielding 
material. A density increasing agent was not added. 

As a result of measuring the hydrogen content in the resin 

20 composition, the hydrogen content was 9.8 wt% or more which 
satisfied the standard. On the other hand, the resin 
composition for a neutron shielding material was cured at 80°C 
for 30 minutes and at 150°C for 2 hours to measure the weight 
reduction by heat in the same manner as in Example 1. As a 

25 result, the residual weight ratio at 200°C was 99.5 wt% or 
less, and the temperature at a residual weight ratio of 90 

wt% was 250°C or less, meaning that the composition exhibited 
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heat resistance and heat stability extremely inferior to those 
of the compositions of Examples. 
[Comparative Example 5] 

7 8 . 5 g of 1 , 6-hexane diglycidyl ether (epoxy equivalent : 
5 155) as an epoxy resin and 21.5 g of isophoronediamine as a 
curing agent were sufficiently stirred to prepare a resin 
composition used for a neutron shielding material . A density 
increasing agent was not added. 

As a result of measuring the hydrogen content in the resin 
10 composition, the hydrogen content was 9.8 wt% or more which 
satisfied the standard. On the other hand, the resin 
composition for a neutron shielding mater ial was cured at 80°C 
for 30 minutes and at 150°C for 2 hours to measure the weight 
reduction by heat in the same manner as in Example 1. As a 

15 result, the residual weight ratio at 200°C was 99.5 wt% or 
less, and the temperature at a residual weight ratio of 90 
wt% was 300°C or less, meaning that the composition exhibited 
heat resistance and heat stability inferior to those of the 
compositions of Examples. 

20 [Comparative Example 6] 

Here, a neutron absorbent was added to a conventional 
resin component to evaluate the neutron shielding effect. 50 
g of a bisphenol A epoxy resin (Epicoat 828, structural formula 
(15) ) as an epoxy resin was mixed with 50 g of a polyamine 

25 curingagent, and the mixture was stirred . 146 . 5 gof magnesium 
hydroxide and 3.5 g of boron carbide were mixed therewith, 
and the mixture was stirred to prepare a resin composition 
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for a neutron shielding material . A density increasing agent 
was not added. 

The reference hydrogen content required for a neutron 
shielding material is a hydrogen content density of 0 . 096 g/cm 3 
5 or more . The hydrogen content density of the prepared neutron 
shielding material composition was measured to be 0 . 096 g/cm 3 
or more, which satisfied the standard. On the other hand, 
the resin composition for a neutron shielding material was 

cured at 80°C for 30 minutes and at 150°C for 2 hours to measure 
10 the weight reduction by heat in the same manner as in Example 

1. As a result, the residual weight ratio at 200°C was about 
99 wt% or less, and the temperature at a residual weight ratio 

of 90 wt% was 300°C or less, meaning that the composition 
exhibited heat resistance and heat stability inferior to those 

15 of the compositions of Examples. 

The cured product was enclosed in a closed vessel, and 

a thermal endurance test was carried out at 190°C for 1,000 
hours. The compressive strength was decreased by 30% or more 
as compared with that before the test, meaning that the 
20 composition has low durability in a high-temperature 
environment . 

This composition system imitates the same system as in 
a conventionally used neutron shielding material composition. 
The composition of Comparative Example 6 is suitable in terms 
25 of hydrogen content, but has low heat resistance and heat 
stability as compared with those of the compositions of 
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Examples 11 and 12. It can be found that the compositions 
of Examples have excellent heat resistance and heat stability. 

As is clear from the above Examples and Comparative 
Examples, resins cured with the polymerization initiator of 
5 the present invention have a temperature at a residual weight 

ratio of 90 wt% increased by 30 to 50°C on average as compared 
with resins using the same polymerization component cured with 
an amine curing agent, and such resins has high heat resistance . 
A neutron shielding material is obtained from the neutron 

10 shielding material composition of the present invention by 
curing a heat-resistant polymerization component with a 
cat ionic polymer i zat ion initiator . When a shielding material 
is prepared by curing the composition of the present invention 
polymerizable without using a curing agent component that has 

15 a bond easily decomposed under high-temperature conditions, 
the shielding material has an increased heat-resistant 
temperature and has ensured neutron shielding effect. 
Accordingly, the present invention can provide a composition 
for a neutron shielding material that can endure long-term 

20 storage of spent nuclear fuels. Further, since the 

composition of the present invention comprises a density 
increasing agent, the neutron shielding material can provide 
an increased neutron absorption while maintaining secondary 
y-ray shielding performance. 



